Adipose depots that contain lymph nodes, and probably intermuscular fat in skeletal and cardiac muscle, are specialized to provision adjacent tissue in a paracrine mode. Perinodal adipocytes respond selectively to various cytokines and incorporate proportionately more polyunsaturated fatty acids. Lipolysis in the adipocytes of node-containing depots can be stimulated via inflammation of the enclosed lymph nodes. Repeated immune stimulation elicits properties characteristic of perinodal adipocytes in those elsewhere in the same depot, and hours later in other node-containing depots, but not in nodeless depots. Such site-specific properties of adipose tissue enable partitioning of dietary and metabolic supplies of fatty acids between competing tissues. Local interactions emancipate the peripheral immune system from competing with other tissues for lipids during immune responses, and may be especially important during periods of high demand, such as strenuous exercise. Biopsies of subcutaneous adipose tissue from sites remote from lymph nodes do not adequately represent the composition of fatty acids available to the immune system in situ, and perhaps that supplied to other tissues. Intermuscular fat in skeletal and cardiac muscle may also indicate paracrine relationships between adi-
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Introduction
Strenuous exercise increases susceptibility to pathogens, and minor infections impair athletic performance and exacerbate chronic fatigue [l], but the mechanism(s) are poorly understood. Insufficient or inappropriate supplies of fuels are obvious candidates, but analysis of blood composition provides no clear picture of what the deficiencies might be. It has long been assumed, although technically difficult to demonstrate directly, that all metabolically active adipocytes contribute about equally to the rise in blood-borne fatty acids during fasting, prolonged exercise, lactation or other physiological demands. User tissues such as exercising muscle compete to extract the fuels they need from the blood. Although much progress has been made in identifying the proteins involved in the uptake of fatty acids from the circulation [2] , little is known about how priorities between competing tissues are established and adjusted to meet changing physiological needs.
One of the most distinctive and consistent features of mammalian adipose tissue is its partitioning into many small and a few large depots [3, 4] . Such anatomical organization immediately suggests regional specialization and/or paracrine function, but the widespread use of small rodents for experimental research has concentrated investigations almost exclusively on the few depots that are large, for convenience of study [5, 6] . These depots respond readily to experimental manipulation of diet and exercise regime, making them attractive targets for obesity research. T h e overwhelming dominance of information about these depots reinforces the notion that all metabolically active adipose tissue has similar properties.
Species are chosen for laboratory use because they grow rapidly and breed prolifically on a simple diet and are fat enough to withstand fasting and other experimental manipulations. Many wild animals naturally can become both leaner and fatter than would be technically possible, or legal, to induce in laboratory specimens. Examination of wild animals that are lean but fit and physically active reveals small quantities of adipose tissue that are apparently selectively conserved, since they are replete with lipid even when the perirenal and other 'general purpose ' depots have shrunk to a tiny mass of connective tissue and depleted adipocytes. Some such depots are ' structural ' adipose tissue (e.g. heel pads) that have long been recognized as metabolically inert, but others, including smaller intermuscular depots and those that enclose one or more lymph nodes, consist of biochemically active adipocytes.
Intimate associations between the lipid storage tissue and its 'clients', i.e. the skeletal muscles, have been most intensively studied in domestic livestock, but are also characteristic of adult humans [7] . Intermuscular adipose tissue is often regarded as arising from the sedentary habits of people and their livestock, but it is also widespread in wild animals, being particularly noticeable in whales and other groups in which myogobin-rich muscles can support oxidative metabolism during prolonged exercise with greatly reduced blood perfusion [4] and associated with the heart [8]. Nearly all major lymph nodes and parts of their connecting ducts, are embedded in adipose tissue [3, 4] , and most adipose depots contain one or more nodes, although many are small, too small in rats and mice to provide sufficient tissue for most kinds of biochemical analyses. This paper summarizes some special properties of such minor adipose depots and proposes a functional explanation for their presence.
Paracrine interactions between lymph nodes and adjacent adipocytes
The adipocytes associated with lymph nodes appear under the microscope to be indistinguishable from those of larger, more conveniently studied depots; they are identified only by their anatomical relationships with other tissues and by site-specific biochemical properties. Lipolysis in adipocytes of node-containing depots can be stimulated via immune activation of the lymph nodes that they enclose [9] . T h e response to local injection of small quantities of an immune stimulant starts in the perinodal adipocytes, i.e. those within 2 mm of the lymph node, becoming detectable as increased lipolysis within 1 h and peaking in 6-9 h ( Figure 1 ). The stimulus spreads in a Hours after injection of lipopolysaccharide delayed and attenuated form to the rest of the depot, indicating that it is probably mediated by cytokines or other paracrine signals emanating from the activated lymphoid cells. Such locally induced lipolysis summates with that elicited by the adrenergic pathway, and wanes within 24 h unless reinforced with further immune stimuli. The control system is probably complex, involving many cytokines and other paracrine secretions that pass from lymphoid cells to adjacent adipocytes and between perinodal and more remote adipocytes. Mesenteric and popliteal perinodal adipocytes respond selectively to inter- leukin-6, interleukin-10, tumour necrosis factor-a and probably many other cytokines, but their actions on lipolysis are sometimes paradoxical, with combinations having effects in vitro that are not predicted from the application of one agonist alone [lo] . The capacity to respond to paracrine signals from activated lymphoid cells can be induced in more adipocytes in node-containing depots, although not those in nodeless depots. In the experiment shown in Figure 2 , one popliteal lymph node was stimulated several times over 24 h to simulate prolonged or intensifying immune activity, and rates of lipolysis were measured in adipocytes from three sites defined by their proximity to the nodes in both popliteal adipose depots [l 11. Small quantities of lipopolysaccharide administered at 12 h and 3 h before death activated the whole of the popliteal depot near the injection site, as well as the perinodal adipocytes in the other leg. If the interval between stimuli was increased to 21 h, similar rates of lipolysis were measured in all samples. Changes in the manifestation of cytokine receptors can be detected in the perinodal adipocytes within 1 h of applying an immune stimulus [ 121, and a measurable increase in lipolysis can be detected within 3 h [ll]. Such recruitment to control by secretions from the immune system, both local and remote, probably reduces the adipocytes ' capacity to respond promptly to the endocrine conditions of fasting or exercise [lo] . These adipocytes contribute less than those in nodeless depots to whole-body lipid supply, which probably explains their conspicuous presence in naturally lean wild animals.
All perinodal adipocytes, especially those from the omental and mesenteric depots, contain fewer saturated fatty acids and more polyunsaturated fatty acids in their triacylglycerols than those elsewhere in the depots [13] . Clear gradients in the fatty acid composition of triacylglycerols can be demonstrated in small intermuscular depots, such as the popliteal and cervical, in relation to the large lymph nodes they contain. The immune system has specific requirements for certain n -3 and n -6 polyunsaturates, many of them dietary essentials, as components of membranes and as precursors for eicosanoid synthesis. The absolute proportions of the fatty acids in all depots can be manipulated by longterm changes in the lipid composition of the diet, but the pattern of site-specific differences in the composition of triacylglycerols in relation to lymph nodes is constant. We have found evidence for such gradients in fatty acid composition in relation to lymph nodes in various wild mammals, especially non-ruminants. We do not know whether the gradients in fatty acid composition in relation to lymph nodes arise from the selective uptake of different fatty acids or differential lipolysis, or both, although selectivity in both mobilization and sequestration of fatty acids has been demonstrated in mammalian adipocytes [14] . Small differences in the abundance and activity of certain binding proteins and enzymes of fatty acid uptake can be demonstrated between the two large adipose depots of rats (perirenal and epididymal), neither of which is associated with lymphoid tissue Perinodal adipocytes are equipped to interact locally with lymph node lymphoid cells, making polyunsaturated fatty acids available to the immune cells when required, without disrupting blood fatty acid levels or whole-body lipid metabolism. We now have direct evidence that the fatty acids in phospholipids of lymphoid cells that are newly formed in response to a local immune stimulus are derived selectively from the triacylglycerols in the perinodal adipose tissue around the stimulated lymph node (C. M. Pond and C. A. ~5 1 . 
Conclusions
Concepts about the role of adipose tissue are changing as a result of the identification of sitespecific properties and of a wide range of messenger molecules, many of which are also found in the immune system, that mediate paracrine relationships between certain adipocytes and their 'client' tissues. Adipocytes are now viewed as more than just a repository for excess lipids, but as managers that maintain priorities between competing tissues and ensure that appropriate supplies are available when and where they are needed.
Introduction
For a given work rate to be maintained, the A T P requirements of skeletal muscle must be met by the metabolic processes that are available to regenerate A T P from ADP. Both 'oxygendependent ' and ' oxygen-independent ' routes maintain A T P re-synthesis during exercise. However, it is widely accepted that oxygen-dependent A T P re-synthesis, occurring in the mitochondria, does not increase instantaneously at the onset of exercise. As a consequence, there is a concomitant activation of oxygen-independent A T P regeneration from phosphocreatine (PCr) hydrolysis and glycolysis (with the latter resulting in lactate formation) in response to pulsatile increases in levels of the A T P degradation products AMP and ADP. Once a metabolic steady state is achieved (i.e. A T P supply and demand are matched), oxygen-dependent A T P re-synthesis is the major contributor to A T P regeneration. By way of
